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(54) Adjustable 3D capacitor and method of manufacture 



(57) There is a need for adjustable capacitors for 
use in LC or RC matching networks in micro-circuits. 
This has been achieved by forming a set of individual 
capacitors that share a common bottom electrode (26). 
The areas of the top electrodes of these individual ca- 
pacitors are chosen to be in an integral ratio to one an- 
other so that they can be combined to produce any ca- 
pacitance within a range of unit values. For example, if 



four capacitors whose areas are in the ratio of 5:2:1 :1 , 
are provided, then any capacitance in a range of from 1 
to 9 can be generated, depending on how the top elec- 
trodes (16) are connected. Such connections can be 
hard-wired within the final wiring level to provide a fac- 
tory adjustable capacitor or they can be connected 
through field programmable devices to produce a field 
programmable capacitor. A process for manufacturing 
the device is also described. 
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Description 
Technical field 

[0001] The invention relates to the general field of in- 
tegrated circuits with particular reference to variable ca- 
pacitors occupying minimum chip real estate. 

Background art 

[0002] LC or RC matching of networks is critical for 
some analog or RF circuits. Adjustment of capacitor val- 
ues after the circuits are already in use is not possible. 
Once the capacitor value has been pre-set, subsequent 
fine tuning is not possible and an entirely new mask is 
needed for the capacitor portions of the circuit. Addition- 
ally, conventional flat capacitor designs tend to occupy 
large amounts of chip real estate, acting as a bottleneck 
for further circuit densification. 

[0003] In the p re-integrated circuit era, one of the 
ways of providing an adjustable capacitor was the layout 
schematically shown in FIG. 1 . Seen there are four top 
electrodes 1 5 that share a common lower electrode 11 . 
By means of switches 1 6 the top electrodes can be con- 
nected in parallel, as needed to provide a capacitance 
value between 1 and 9 units between points A and B 
since, as can be seen, the ratios of the individual top 
electrode areas are 5:2:1 :1 . 

[0004] The present invention discloses how the sche- 
matic circuit of FIG. 1 can be implemented in an inte- 
grated circuit, with minimum consumption of chip real 
estate. 

[0005] A routine search of the prior art was performed 
with the following references of interest being found: 
[0006] In US 5,350,705, Brassington et al. show a flat 
capacitor arrangement with common top plate. Aitken 
et al. in US 6,088,258 showsa planarized interweave ca- 
pacitor. In US 5,604,145, Hashizume et al. disclose a 
planar capacitor process while in US 5,744,385, Bojabri 
reveals a compensation technique for a parasitic capac- 
itor. 

Summary of the invention 

[0007] It has been an object of at least one embodi- 
ment of the present invention to provide a capacitor for 
use in micro-electronic circuits. 
[0008] Another object of at least one embodiment of 
the present invention has been that said capacitor be 
adjustable at the time that said micro-electronic circuits 
are being manufactured. 

[0009] Still another object of at least one embodiment 
of the present invention has been that said capacitor be 
adjustable at the time that said micro-electronic circuits 
are being used in the field. 

[001 0] A further object of at least one embodiment of 
the present invention has been to provide a process for 
manufacturing said adjustable capacitor. 



[001 1 ] These objects have been achieved by forming 
a set of individual capacitors that share a common bot- 
tom electrode. The areas of the top electrodes of these 
individual capacitors are chosen to be in an integral ratio 

5 to one another so that they can be combined to produce 
any capacitance within a range of unit values. For ex- 
ample, if four capacitors whose areas are in the ratio of 
5:2:1:1 , are provided, then any capacitance in a range 
of from 1 to 9 can be generated, depending on how the 

w top electrodes are connected. Such connections can be 
hard-wired within the final wiring level to provide a fac- 
tory adjustable capacitor or they can be connected 
through field programmable devices to produce a field 
programmable capacitor, 

15 

Description of the drawings 
[0012] 

20 FIG. 1 shows how a group of capacitors can be con- 
nected to provide a wide range of capacitances. 

FIG. 2 shows the starting point for the process of 
the present invention. 

25 

FIGs. 3 and 4 shows how several micro-capacitors 
may be formed without using up too much chip real 
estate. 

30 FIG. 5 shows how connections are made to the in- 
dividual capacitors. 

FIG. 6 shows the circuit of FIG. 1 modified to pro- 
duce a specific capacitance value. 

35 

Description of the preferred embodiments 

[0013] We will disclose the present invention through 
a description of the process of the present invention. In 

40 the course of so doing, the structure of the present in- 
vention will also become apparent. 
[0014] Referring now to FIG. 2, the process of the 
present invention begins with the provision of suitable 
substrate 21 on which is already present (or is to be add- 

45 ed) an electrical circuit of some kind including contact 
pads, such as 26, to which a capacitor is to be connect- 
ed. Most commonly, though not necessarily exclusively, 
this will be the topmost layer of an integrated circuit on 
a silicon wafer. 

50 [0015] A base dielectric layer 22 is then deposited on- 
to 21 and contact pad 26. Layer 22 could be any of sev- 
eral materials such as silicon oxide, TEOS (tetraethyl 
orthosilicate), or black diamond (methyl-doped porous 
silica), with any material having a low dielectric constant 

55 being preferred, and it is deposited to a thickness be- 
tween about 1,000 and 10,000 Angstroms, with 2,000 
being typical. This is followed by laying down etch stop 
layer 25 on layer 22. This layer is typically silicon nitride, 
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but other materials such as silicon carbide could also 
have been used. It is deposited to a thickness between 
about 1 0 and 1 ,000 Angstroms following which second 
dielectric Iayer23 is deposited on it. We will refer to layer 
23 as a support dielectric layer. 
[0016] We have usually used an oxide such as silicon 
oxide orTEOS for the support dielectric layer but other 
materials such as black diamond or silicon carbide could 
also have been used. It is deposited to a thickness be- 
tween about 1 ,000 and 5,000 microns. Next, via hole 27 
is etched through support dielectric layer 23 as well as 
etch stop layer 25 and base dielectric layer 22, thereby 
exposing contact pad 26. 

[001 7] After deposition of a barrier layer (not shown) 
in via hole 27 it is overfilled with tungsten and then 
planarized so as to remove all tungsten not inside via 
27, resulting in the formation of tungsten via 35 (FIG. 3). 
Then, as seen in FIG. 2, three trenches 24, that extend 
through layer 23 as far as etch stop layer 25, are etched. 
The presence of layer 25 ensures that all trenches have 
exactly the same depth. Each trench has a width be- 
tween about 0.1 and 0.8 microns and the trenches are 
separated from one another by between about 0.1 and 

I microns, depending on technology design rules. 
[0018] Referring now to FIG. 3, metal layer 11 is then 
deposited over the surface of layer 23, using a confor- 
mal deposition method such as PECVD (plasma en- 
hanced chemical vapor deposition) to ensure that its 
thickness is uniform everywhere, including the floors 
and walls of the trenches. Our preferred metal for layer 

II has been Al, but other metals such as Ti or TIN could 
also have been used. Layer 1 1 is deposited to a thick- 
ness between about 100 and 3,000 Angstroms and is 
then patterned to form a common capacitor electrode 
(see FIG. 1 ) that is in contact with tungsten via 35. 
[0019] This is followed by the deposition of high die- 
lectric constant materia] layer 32 on common capacitor 
electrode 1 1 and then patterning layer 32 to make sure 
that it fully overlaps common capacitor electrode 1 1 . Ex- 
amples of layer 32 material include, but are not limited 
to, silicon nitride, tantalum oxide, hafnium oxide, and 
aluminum oxide. It was deposited to a thickness be- 
tween about 30 and 300 Angstroms. 

[0020] We refer now to FIG. 4. Metal layer 15 is de- 
posited on high dielectric constant layer 32 and then pat- 
terned to form four unconnected top electrodes 151, 
152, and 155, all of whom are overlapped by common 
electrode 1 1 . These correspond to the four capacitors 
marked 1,1,2, and 5 shown schematically in FIG. 1 so 
their relative areas are arranged to be in the ratio 1:1:2: 
5. Materials and thicknesses for layer 15 are similar to 
what was used for layer 11 . 

[0021] Referring next to FIG. 5, top dielectric layer 53 
is then deposited on layer 15 (as well as any exposed 
parts of layer 32) and four via holes 16 are etched 
through layer 23 so as to expose contact area for each 
of top electrodes 151, 152, and 155. Via holes 16 are 
then filled with tungsten as already described above so 



as to provide contacts such as 54 for connection to the 
capacitor top plates. 

[0022] The process of the present invention con- 
cludes by describing two possible embodiments that dif- 

s fer in how final connections are made to the capacitor 
top electrodes. For example, to provide a capacitor hav- 
ing a value of 6 units of capacitance, connections 61 
and 62 need to be closed, as shown in FIG. 6. 
[0023] In a first embodiment a metal layer (not shown) 

10 is laid down on layer 23 and then patterned to make per- 
manent (hard-wired) connections to electrode 155 and 
either of the electrodes 151 . In a second embodiment, 
a contact wire (not shown) is provided near each con- 
tact, such as 54, and then connected to it through a field 

15 programmable device. This results in a field program- 
mable capacitor whose value can be adjusted at the 
time that it is needed in the field. Examples of possible 
field programmable devices include fusible links, anti- 
fuses, resistors, capacitors, and pass transistors. 

20 [0024] We conclude our description of the present in- 
vention by noting that we have elected to vary capaci- 
tance values by introducing differences in area. This 
could also have been accomplished by use of more than 
one dielectric film thickness, by use of more than one 

25 dielectric material (each having different dielectric con- 
stants), or by any combination of these three possibili- 
ties. 



30 Claims 

1 . A process for forming an adjustable capacitor, com- 
prising: 

35 - providing a silicon wafer having a topmost layer 
on which are contact pads connected to a cir- 
cuit contained in said wafer; 
depositing a base dielectric layer on said top- 
most layer, including said contact pads; 

40 - depositing an etch stop layer on said base die- 
lectric layer; 

depositing a support dielectric layer on said 
etch stop layer; 

etching a via hole through said support dielec- 
45 trie layer, said etch stop layer, and said base 

dielectric layer, thereby exposing said contact 
pad; 

depositing a barrier layer in said via hole, then 
overfilling said via hole with tungsten and then 
so planarizing so as to remove all tungsten not in- 

side said via; 

etching three trenches that extend through said 
support dielectric layer as far as said etch stop 
layer; 

55 - depositing a first layer of metal on said support 
dielectric layer, including inside said trenches, 
and then patterning said first metal layer to form 
a common capacitor electrode that contacts 
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said tungsten-filled via hole; 
depositing a layer of high dielectric constant 
material on said common capacitor electrode 
and then patterning said high dielectric con- 
stant layer whereby it fully overlaps said com- 
mon capacitor electrode; 
depositing a second layer of metal on said high 
dielectric constant layer and then patterning 
said second metal layer to form four unconnect- 
ed top electrodes, all of whom are overlapped 
by said common electrode, said top electrodes 
having, relative to one another, areas in the ra- 
tio 5:2:1:1; 

depositing a top dielectric layer on said top 
electrodes and said high dielectric constant lay- 
er; 

- etching four via holes through said top dielectric 
layer whereby a contact area is exposed for 
each of said top electrodes; 

depositing a barrier layer in said via holes, then 
overfilling said via holes with tungsten and then 
planarizing so as to remove all tungsten not in- 
side said via holes; and 
then depositing and patterning a third metal lay- 
er so as to provide permanent connections be- 
tween said top electrodes, thereby giving said 
adjustable capacitor a specific capacitance val- 
ue. 

2. A process for forming a field programmable capac- 
itor, comprising: 

providing a silicon wafer having a topmost layer 
on which are contact pads connected to a cir- 
cuit contained in said wafer; 
depositing a base dielectric layer on said top- 
most layer, including said contact pads; 
depositing an etch stop layer on said base die- 
lectric layer; 

depositing a support dielectric layer on said 
etch stop layer; 

etching a via hole through said support dielec- 
tric layer, said etch stop layer, and said base 
dielectric layer, thereby exposing said contact 
pad; 

depositing a barrier layer in said via hole, then 
overfilling said via hole with tungsten and then 
planarizing so as to remove all tungsten not in- 
side said via; 

- etching three trenches that extend through said 
support dielectric layer as far as said etch stop 
layer; 

depositing a first layer of metal on said support 
dielectric layer, including inside said trenches, 
and then patterning said first metaJ layerto form 
a common capacitor electrode that contacts 
said tungsten-filled via hole; 
depositing a layer of high dielectric constant 



material on said common capacitor electrode 
and then patterning said high dielectric con- 
stant layer whereby it fully overlaps said com- 
mon capacitor electrode; 

5 - depositing a second layer of metal on said high 
dielectric constant layer and then patterning 
said second metal layerto form four unconnect- 
ed top electrodes, all of whom are overlapped 
by said common electrode, said top electrodes 

10 having, relative to one another, areas in the ra- 

tio 5:2:1:1; 

depositing a top dielectric layer on said top 
electrodes and said high dielectric constant lay- 
en 

15 - etching four via holes through said top dielectric 
layer whereby a contact area is exposed for 
each of said top electrodes; 
depositing a barrier layer in said via holes, then 
overfilling said via holes with tungsten and then 

20 planarizing so as to remove all tungsten not in- 

side said via holes; and 
then depositing and patterning a third metal lay- 
er to form a contact wire for each of said filled 
via holes; and 

25 - connecting said contacting wires to each other 
through field programmable devices, thereby 
forming said field programmable capacitor. 

3. The process described in claim 1 or 2 wherein said 
30 field programmable devices are selected from the 

group consisting of fusible links, anti-fuses, pass 
transistors, resistors, and capacitors. 

4. The process described in claim 1 or 2 wherein said 
35 base dielectric layer is selected from the group con- 
sisting of silicon oxide, TEOS, black diamond, and 
all dielectrics having a dielectric constant less than 
about 5 and said base dielectric layer is deposited 
to a thickness between about 200 and 5,000 Ang- 

^0 stroms. 

5. The process described in claim 1 or 2 wherein said 
etch stop layer is selected from the group consisting 
of silicon nitride and silicon carbide and is deposited 

45 to a thickness between about 20 and 500 microns. 

6. The process described in claim 1 or 2 wherein said 
support dielectric layer is selected from the group 
consisting of silicon oxide, black diamond, and all 

so dielectrics having a dielectric constant less than 
about 5 and said support dielectric layer is deposit- 
ed to a thickness between about 200 and 5,000 
Angstroms. 

55 7. The process described in claim 1 or 2 wherein said 
metal layers are selected from the group consisting 
of Al, Ti, TIN, and all metals whose resistivity is less 
than about 5 microhm-cm, and are deposited to a 
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thickness between about 200 and 5,000 Ang- 
stroms. 

8. The process described in claim 1 or 2 wherein said 
layer of high dielectric constant material is selected 
from the group consisting of silicon nitride, tantalum 
oxide, aluminum oxide, and hafnium oxide and is 
deposited to a thickness between about 20 and 500 
Angstroms. 

9. The process described in claim 1 or 2 wherein each 
trench has a width between about 0.1 and 0.8 mi- 
crons and said trenches are separated from one an- 
other by between about 0.1 and 0.8 microns. 

10. An adjustable capacitor, comprising: 

a silicon wafer having a topmost layer on which 
are contact pads connected to a circuit con- 
tained in said wafer; 

a base dielectric layer on said topmost layer 
and said contact pads; 

an etch stop layer on said base dielectric layer; 
a support dielectric layer on said etch stop lay- 
er; 

a tungsten via, extending through said support 
dielectric layer, said etch stop layer, and said 
base dielectric layer, and contacting said con- 
tact pad; 

three trenches that extend through said support 
dielectric layer as far as said etch stop layer; 
a common capacitor electrode on said support 
dielectric layer, including inside said trenches, 
that contacts said tungsten via; 
on said common capacitor electrode, a layer of 
high dielectric constant materia that fully over- 
laps said common capacitor electrode; 
on said high dielectric constant layer, four un- 
connected top electrodes, all of whom are over- 
lapped by said common electrode, said top 
electrodes having, relative to one another, are- 
as in the ratio 5:2:1:1; 

a top dielectric layer on said top electrodes and 
said high dielectric constant layer; 
four tungsten vias, extending through said top 
dielectric layer, that contact each top electrode, 
one such via per electrode; and 
on said top dielectric layer, permanent electri- 
cal connections between said top electrodes, 
whereby said adjustable capacitor has a spe- 
cific capacitance value. 

11 . A field programmable capacitor, comprising: 

a silicon wafer having a topmost layer on which 
are contact pads connected to a circuit con- 
tained in said wafer, 

a base dielectric layer on said topmost layer 



and said contact pads; 

an etch stop layer on said base dielectric layer; 

- a support dielectric layer on said etch stop lay- 
er; 

s a tungsten via, extending through said support 

dielectric layer, said etch stop layer, and said 
base dielectric layer, and contacting said con- 
tact pad; 

- three trenches that extend through said support 
10 dielectric layer as far as said etch stop layer; 

a common capacitor electrode on said support 
dielectric layer, including inside said trenches, 
that contacts said tungsten via; 
on said common capacitor electrode, a layer of 

is high dielectric constant materia that fully over- 

laps said common capacitor electrode; 
on said high dielectric constant layer, four un- 
connected top electrodes, all of whom are over- 
lapped by said common electrode, said top 

20 electrodes having, relative to one another, are- 

as in the ratio 5:2:1:1; 

a top dielectric layer on said top electrodes and 

said high dielectric constant layer; 

four tungsten vias, extending through said top 

25 dielectric layer, that contact each top electrode, 

one such via per electrode; and 
on said top dielectric layer, a metallic contact 
wire for each of said filled via holes, said con- 
tact wires being connectable to each other 

30 through field programmable devices. 

12. The capacitor described in claim 11 wherein said 
field programmable devices are selected from the 
group consisting of fusible links, anti-fuses, and 

35 pass transistors. 

13. The capacitor described in claim 10 or 11 wherein 
said base dielectric layer is selected from the group 
consisting of silicon oxide, TEOS, black diamond, 

40 and all dielectrics having a dielectric constant less 
than about 5 and said base dielectric layer is depos- 
ited to a thickness between about 200 and 5,000 
Angstroms. 

45 14. The capacitor described in claim 10 or 11 wherein 
said etch stop layer is selected from the group con- 
sisting of silicon nitride and silicon carbide and is 
deposited to a thickness between about 20 and 500 
microns. 

50 

15. The capacitor described in claim 10 or 11 wherein 
said support dielectric layer is selected from the 
group consisting of silicon oxide, black diamond, 
and all dielectrics having a dielectric constant less 
55 than about 5 and said support dielectric layer is de- 
posited to a thickness between about 200 and5,000 
Angstroms. 
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16. The capacitor described in claim 10 or 11 wherein 
said common capacitor electrode and said top elec- 
trodes are a metal selected from the group consist- 
ing of Al, AlCu, Cu, 71, TIN, and Ta and have a thick- 
ness between about 200 and 5,000 Angstroms. 5 

17. The capacitor described in claim 10 or 11 wherein 
said layer of high dielectric constant material is se- 
lected from the group consisting of silicon nitride, 
tantalum oxide, aluminum oxide, and hafnium oxide 10 
and is deposited to a thickness between about 20 
and 500 Angstroms. 

18. The capacitor described in claim 10 or 11 wherein 
each trench has a width between about 0.1 and 0.8 
microns and said trenches are separated from one 
another by between about 0.1 and 0.8 microns. 
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